Abstract: Fluorination of ketones was achieved by the reaction of silyl enol ethers with iodotoluene difluoride in the presence of BF 3 ·OEt 2 and a Et 3 N·HF complex.
Introduction of a fluorine atom into the α-position of carbonyl compounds is the most effective method for the synthesis of α-fluorinated carbonyl compounds which have been used as important synthons in the preparation of more complex fluorine compounds. 1, 2 Though electrophilic fluorination reagents such as N-fluoro reagents have been used for their synthesis, 3 dangerous F 2 is necessary for their preparation, and such reagents are expensive even if they are commercially available. Recently we reported that the direct fluorination reaction of β-dicarbonyl compounds can be achieved using iodotoluene difluoride (ITDF) 4, 5 which can be prepared in large quantity without F 2 . 6, 7 However, application of ITDF is restricted to β-dicarbonyl compounds 4, 5 or α-sulfanylated carbonyl compounds, [8] [9] [10] [11] and ITDF is inert to monocarbonyl compounds. Previously, Tsushima et al.
applied ITDF for the reaction with silyl enol ethers of steroidal ketones for the synthesis of steroidal fluoroketones. 12 However, olefinic by-products were competitively formed and yields of the desired α-fluoro ketones were low. During our continuous study of fluorination of carbonyl compounds using ITDF, we succeeded in improving the yield of fluorinated carbonyl compounds in the reaction of ITDF with silyl enol ethers.
When a silyl enol ether of acetophenone (1a) was allowed to react with ITDF at room temperature, it took 3 hours until the complete consumption of 1a, and acetophenone and its dimmer (5a) were obtained as main products.
Under the conditions, the formation of an iodonium salt (2a), which must be a key intermediate for the fluorinated product (3a), 12 seems to be slow and the generated iodonium salt 2a decomposed to acetophenone or reacted with the remaining 1a to give 5a (Scheme 1). Zhadnkin et al. reported that the iodonium salts can be stably prepared at lower temperature by the reaction of 1 with an iodoarene difluoride-BF 3 •OEt 2 complex. 13 In order to make 2a at low temperature, BF 3 •OEt 2 was used with ITDF, and various fluoride sources were applied to accelerate the fluorination of 2a (Table 1) Introduction of a fluorine atom to methyl (entry 4), methylene (entries 1,2,5-9), and even methyne carbon (entry 3) was also possible. When cyclic ketone silyl enol ethers were used (entries 6-9), the formation of an olefinic by-product was observed to an extent of <5 %. Fluorinated analogs of steroids have been of great interest for the study of their metabolic mechanism, and 2-fluorocolesterols were synthesized from their enol esters by the reaction with electrophilic fluorinating regents. However, the products obtained by these methods are always α-isomers which are more favorable both kinetically and thermodynamically, and it was difficult to synthesize the β-isomers. [16] [17] [18] On the other hand, when silyl enol ether of cholestan-3-one (6) was treated with ITDF, the β-isomer of 2-fluorocholestan-3-one (7-β) was obtained as a main product (Scheme 2). This unusual stereoselectivity can be explained by the formation of the iodonium intermediate. 12 20 Ketones were obtained from Tokyo Kasei Co., Ltd., and used without purification.
Fluorination of Ketones 1 with Iodotoluene Difluoride; General Procedure
To a CH 2 Cl 2 solution (10 mL) of ITDF (256 mg, 1.0 mmol) in Teflon FEP vessel 21 were added at -78 °C, BF 3 •OEt 2 (142 mg, 1.0 mmol), and after 10 min, silyl enol ether 1 (1.0 mmol). The reaction mixture was stirred at -78 °C for 2 h and a CH 2 Cl 2 solution (5 mL) of Et 3 N•2HF (706 mg, 5.0 mmol) was added. After 1 h, the mixture was poured into water and the separated aqueous layer was extracted with CH 2 Cl 2 (2X10mL). The combined organic layers were dried over MgSO 4 and product 3 was obtained by column chromatography (silica gel/hexane-Et 2 O).
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